To determine the rate of self-fertilisation in male-fertile plants of thyme, four populations, homozygous for dominant chemical marker alleles, were chosen. Male-sterile plants and male-fertile plants with the corresponding recessive marker alleles were transplanted into these populations and the seedlings obtained hy growing the seeds gathered in 1974 and 1975 from these test plants were analysed.
INTRODUCTION
Thymus vulgaris L. (Labiatae), or common thyme, is a wild plant of the Mediterranean flora. The species is gynodioecious, i.e. composed of individuals producing gametes of both sexes (functionally hermaphrodite) and of individuals which do not produce male gametes (functionally female), the latter being present to a large proportion.
Other things being equal, there should be a selection against malesteriles, since these plants transmit genes through only one sex of gamete. Since a large number of such plants are found irs natural populations of T. vulgaris, and of other gynodioecious species, they must possess some compensatory advantage. The magnitude of the advantage might be expected to depend on the environmental conditions. Thyme offers the following advantages as material for the study of gynodioecy:
1. Individual plants generally bear only one kind of flowers (either hermaphrodite or female).
2. Plants are usually distinct, and do not grow into one another, thus allowing exact determinations of the frequency of male-steriles to be made. 3. The frequency of male-sterile individuals ranges from below 10 per cent to more than 90 per cent in different populations (Dommée, 1976) .
4. Vegetative propagation is possible. Since 1967 we have been trying to relate variation in the frequency of male-sterility to variation in the environment. Three theories have been put forward to explain polymorphic male sterility in plants. Lewis (1941) suggested that the male-sterile type might have a higher fertility as female than the male-fertiles. In his early work (1877) Darwin demonstrated such a higher seed production in male-sterile plants of thyme. Similar results have been found in this laboratory (Assouad, 1972; Dommée, 1973) but the differences are not great enough between the two kinds of individuals to account for the fixation of male-sterility genes in the population. Jam (1968) made a model assuming that the alleles which determine the male-sterility show overdominance in fitness and are thus maintained polymorphic.
However, no overdominance effect has been demonstrated for male-sterility genes. Finally, Valdeyron et al. (1973) suggested that the male-sterile plants, which are obligatorily outbred, may produce superior offspring to those of the male-fertiles, whose offspring may exhibit inbreeding depression. It is known that gynodioecious species are often insectpollinated. Limitations of pollen production and distribution could therefore play a part in determining the fertility of the male-sterile plants since these must outcross (Lewis, 1941; Lloyd, 1974) . This effect may prevent fixation of male-sterility alleles but does not account for their selective advantage in an initially hermaphrodite population.
To give a selective interpretation of gynodioecy, we therefore wish to answer the following question: is a high level of male-sterility in a population an outbreeding mechanism (Mather, 1940) or is the female fertility of the male-steriles higher than that of the male-fertile plants? Baker (1963) points out that the first of these explanations implies that the male-fertiles must be capable of selfing, A simulation model (Valdeyron et al., 1973) led us to the conclusion that a high rate of self-fertilisation of the male-fertiles would he necessary for the male-steriles to have an advantage, in the absence of any increase in their female fertility. A very high level of inbreeding depression is also required. This conclusion is consistent with the one obtained by Lloyd (1975) following a more general treatment. The purpose of the present paper is to report the results of determinations of s, the rate of selfing of the male-fertile form of thyme in the natural environment.
MATERIAL AND METHODS (i) General method
We assume that a fraction s of the ovules of male-fertile plants is selffertilised, the remainder being panmictically fertilised and that the malesteriles are fertilised panmictically by the pollen from the male-fertilcs. If, in the pollen of a given population, a recessive marker allele, r, has a frequency a, the proportion of rr individuals among the progeny of male-sterile rr homozygotes is a. The proportion of rr among the progeny of rr male-fertile individuals is: 
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The value of s can be measured most accurately when a is zero. We therefore looked for populations with low frequencies of the dominant allele at the marker locus. Homozygous rr plants were implanted in such populations at distances which minimise pollen transfer between implanted individuals.
(ii) The markers We used as markers genes involved in the determination of the" chemotype" or composition of the essential oil of the plant. The existence of stable chemotypes in natural population of thyme has been demonstrated by Passet (1971) and Granger and Passet (1973) . In the work described in the present paper, two of the chemotype loci (Vernet, 1976 (Vernet, , 1977 were used. The first locus is called C. A recessive allele c gives plants having predominantly thymol, whereas the dominant allele C gives the carvacrol chemotype. These two compounds are phenolic isomers. The second locus, L, determines the presence (L/-) or absence (11) of linalol; this locus is epistatic on the C locus, so that llctct is the genotype of the thymol chemotype, 11CC or llCct has carvacrol and the genotypes carrying at least one L allele have linalol. The genetics of the other chemotypes that are found in thyme is not yet fully understood.
The chemotype is determined, using one leaf of the plant to be analysed, by pyrolysis in a nitrogen current and vapour phase chromatography on a Giravion Doran (Girdel 75-FD-2) chromatograph; 88 analyses can be completed in 1 day (Gouyon et al., in press ).
Genetic studies on the markers give normal Mendelian ratios (Vernet, 1977) so that selective effects are unlikely to cause any bias in the results of the progeny tests. The test plants were taken from Pompignan (male-sterile frequency: 5-15 per cent) and Le Coulet (85-90 per cent). Some of them were vegetatively reproduced before transplanting, in order to obtain some information on intra-genotypic variations in selfing rate.
The test plants were implanted at 20 m distance from each other. This distance was chosen after observations of the behaviour of the bees; these insects, which are apparently almost the only pollinators of thyme, do not transfer pollen for more than 10 m (Assouad, 1972) . The plants were marked by attaching a plastic tag. As many transplants as possible were made during the wet season; it was nevertheless necessary to water the plants repeatedly during the first year.
(v) Progeny tests
Fruits were gathered at the end of June. In 1975, two collections were made, at an interval of 2 weeks, so as to limit losses of seeds and to investigate possible changes irs the rate of selfing during pollination period. The number of fruits collected was usually recorded, so that estimates of the proportion of viable ovules of individual plants could be made.
The seeds were sown in the greenhouse in summer, and young seedlings were ready for analysis in the autumn. The analysis of the Le Vigan population, however, was done in the following spring, because the L allele is not expressed before 3 to 4 months.
RESULTS
(i) Progenies of male-sterile plants Table 2 shows the results from the male-sterile plants. These data confirm the earlier results for the genotypes of the populations, at the chemotype loci. At Les Chénes, for example, we obtained a total of eleven ctct among 427 progeny from test plants, giving an estimate of a little less than 3 per cent for a. This gives an expected frequency of homozygotes of about 1 in 1000 for a panmictic population-a rather likely figure.
In the data from 1973, three cc were obtained among the 60 offspring analysed. These were obtained from three male-sterile plants, when there was no male-fertile tester implanted. Since 1974 and 1975 figures are not higher (actually, they are even lower), it appears that, in our conditions (20 m between implants), the implantation of a male-fertile individual does not interfere with the results obtained on neighbouring implants.
Similar results were obtained at Le Vigan. Here, the recessive marker is 1, which is also present at a frequency of 003. The C gene is very rare in this relatively northern population.
(ii) Progeny of male-fertile plants Table 3 shows the results for each of the four stations and each of the 2 years. For 1975, the results of the two collections (1, early; 2, late), for the plants for which these are separately available, are also given.
Cociusxos AND DI5CU55ION
The data in table 3 gives estimates of the selfing rate s (see section 2 (i)) of 0358 00l9 for Les Chenes and of 0099 00l9 for Le Vigan. If we admit that the estimation of the frequency of the recessive marker at Les Chénes is valid for Viols le Fort and Pic St Loup (see section 2 (iii)), the estimated values of s are 0487 0048 and 0348 0029 for the two sites, respectively. The estimated value of the overall mean for the whole experiment would be 0322 00l3.
Due to losses of testers between 1974 and 1975 and to several other accidents, only seven plants (five at Les Chenes and two at Le Vigan) gave valid results for both years. The correlation coefficient is good (r = 088, significant at the 00l level); this indicates that a given plant in a given situation has a rather constant rate of selfing, from one year to the next. The individual results are highly variable from one plant to another: the figures for b extend from zero to 079. After a first examination of the detailed situation of each male-fertile tester (density of thyme plants around it, proximity of other male-fertile individuals, nature of plants of other species etc.) it seems that the main cause of variation might well be the availability of outside pollen in the first few metres around the testers, but other causes, such as ecotypic differences in origin of testers, cannot be excluded.
The influence of the environment is substantiated by the comparison between individuals of the same clone. For instance, four individuals resulting from the vegetative propagation of the C8 plant (from Le Coulet) were planted; one of the four, at Le Vigan, gave 4 per cent homozygotes in 71 seedlings while the three others, at Les Chénes, gave a total of 299 seedlings, of which 26 per cent were homozygotes (results for 1975 only). It might be useful to consider the values of b (very close to s) given in table 3 for the two collections in 1975. It seems obvious that in the three first sites, where the rate of selfing is rather high, it is also higher in the first part of the flowering period, while this is not true at Le Vigan, where crossing is more frequent, as a whole. Le Vigan, on the slope of the Cevennes mountains, at an altitude of 542 m, is ecologically separated from the three other sites, which are lower in altitude and nearer to the sea. The density of thyme plants is relatively higher and frequency of male-fertiles definitely higher at Le Vigan (2 I plants by square metre and 54 per cent malefcrtilcs at Le Vigan as against l3 and 34, respectively, at Les Chenes, for example). Flow these causes of variation possibly interact and affect the rate of selfing is not known but it would be a good working hypothesis to assume that the activity of the pollinators (bees) might play some part: the average temperature and, therefore, the pollinating activity is likely to be higher at the end of the flowering period; it is not surprising if the rate of crossing also increases.
Our knowledge of many features of thyme biology has to be improved.
Seed production is higher in male-steriles than in male-fertiles, but the difference is not great enough to maintain, as a unique factor, a gene for male-sterility at the high levels recorded in thyme populations. Inbreeding depression takes place but is variable according to individuals (Assouad et al., in preparation) . The genetics of the male-sterility in thyme, which involves mendelian genes and cytoplasmic factors, is certainly complex (Assouad, 1972; Dommée, 1973) . The significance of male sterility is, therefore, likely to be related to several factors. The above results, however, show that, at least in some populations, there is enough selfing in thyme to favour male-sterility at a rather high level as a mechanism for restricting inbreeding.
